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Abstract Mining and smelting are important
economic activities. However, mining-related in-
dustries are also some of the largest sources of en-
vironmental pollution from heavy metals. China
is one of the largest producers and consumers of
lead and zinc in the world. A large amount of lead,
zinc, and related elements, such as cadmium, have
been released into the environment due to min-
eral processing activities and have impacted water
resources, soils, vegetables, and crops. In some
areas, this pollution is hazardous to human health.
This article reviews studies published in the past
10 years (2000-2009), on the environmental and
human health consequences of lead/zinc mineral
exploitation in China. Polluted areas are con-
centrated in the following areas: the junction
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of Yunnan, Guizhou and Sichuan provinces,
west-central Hunan province, central Guangxi
province, northern Guangdong, northwestern
Henan province, the border between Shanxi and
Gansu provinces, and the region of Liaoning
province near Bohai. Lead (Pb) and cadmium
(Cd) are the main pollutants and are associated
with human health effects such as high lead blood
levels in children, arthralgia, osteomalacia, and
excessive cadmium in urine.

Keywords Lead/zinc mineral exploitation -
Impact - Environment - Human health - China

Introduction

The progress of human civilization has been
driven by revolutions in the exploitation of min-
eral resources. The discoveries of copper and iron
and the development of smelting technology led
to the development of agriculture; the intensive
exploitation of coal, oil and non-ferrous metals
facilitated the development of industry; and the
applications of uranium and silicon promoted the
development of contemporary technology. But
despite the importance of mineral resources for
human progress, mineral extraction has caused
serious environmental problems, especially heavy
metal pollution (Moore and Luoma 1990; Rybicka
1996; Chopin and Alloway 2007).
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Lead/zinc mining and smelting activities are
some of the primary sources of heavy metals
pollution in the environment (Horvath and Gruiz
1996; Yang et al. 2003; Li et al. 2007a). According
to a global inventory of trace element emissions
(Nriagu and Pacyna 1988), about 357 to 857 x
10° kg/year lead and 462 to 1,380 x 10° kg/year
zinc are released into the environment by min-
ing and smelting activities. Globally, lead ore
processing is estimated to have released about
300 million tons of lead into the environment
over the past five millennia, mostly within the
past 500 years (Tong et al. 2000). From the eigh-
teenth to the twentieth century, industrialization
and intensive mining in European and American
countries caused serious environmental pollution.
In the resource-rich areas of England and Wales
as well as the upper Mississippi river (near Iowa,
Wisconsin, and Missouri), lead and zinc min-
ing resulted in major heavy metal pollution of
soil, water and sediments!. Some pollutants (lead,
cadmium, zinc, copper) still persist in the environ-
ment, and many have migrated into other environ-
mental media (Davis 1987; Holmgren et al. 1993;
Besser et al. 2007). Heavily polluted soils and
water bodies near the lead/zinc mines in Sartinia,
Italy and S. Domigos, Portugal, have affected the
health of local residents through the food chain
(Leita et al. 1991; Pereira et al. 2004). More-
over, large quantities of tailings and waste rocks
damaged the environment and human health
in Aberfan (Wales, 1966), Stava (Italy, 1985),
Aznalcollar (Spain 1998), Baia Mare and Baia
Borsa (Romania, 2000).

Under certain conditions, heavy metals re-
leased by lead/zinc mining may activate, migrate
and accumulate in various target media that
may directly or indirectly impact plants, animals
and humans (Wang et al. 1994; Chiaradia et al.
1997; Grattan et al. 2002; Liu et al. 2005a, b;
Pusapukdepob et al. 2009; Bai and Yan 2008; Kim
et al. 2008). Lead is not an essential element for

IThttp://publications.environment-agency.gov.uk/pdf/
SCHO1108BOZD-e-e.pdf

Zhttp://ec.europa.eu/environment/waste/mining/index.htm
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the human body, and excessive intake can damage
the nervous, skeletal, circulatory, enzymatic, en-
docrine, and immune systems. Children, pregnant
women, and elderly people are particularly sensi-
tive to lead exposure, and lead also has significant
effects on intelligence quotients and physical de-
velopment in children. Since the 1980s, when the
United States and other developed countries be-
gan banning the use of lead in gasoline, welding,
electronics and other products, lead releases (lead
flux) and mean blood lead levels have been de-
creasing dramatically (Chillrud et al. 1999; Pirkle
et al. 1994, 1998; Storch and Hagner 2004; Jones
et al. 2009). However, lead-related health prob-
lems in China remain serious and require more
attention (Bian 2008; Zhong and Zhang 2008).

Unlike lead, zinc is an essential element for
the human body. It is an essential component of
various enzymes and zymoexcitators and supports
growth, tissue regeneration and the immune sys-
tem. Nevertheless, excessive zinc intake can cause
stomach cramps, nausea, and vomiting; high-dose,
long-term Zn exposure can affect cholesterol bal-
ance, diminish immune system function, and even
cause infertility?.

Production from China’s rich lead/zinc deposits
has been increasing annually (Xi 2009). Many
studies on Chinese lead/zinc mining and smelting
activities have emphasized reserves and produc-
tion from the perspective of resource utilization
(Xue and Wang 2005; Cao 2006; Hu and Niu
2006; Wu 2008a, b). In this paper, we review and
analyze the environmental pollution and human
health effects, in the past 10 years (2000-2009),
caused directly or indirectly by lead/zinc mineral
industries in China. We present comprehensive
data on pollutant characteristics, major pollutant
types and symptoms of exposure in order to
facilitate prevention, control, and elimination of
the environmental and health risks associated with
lead/zinc mining. This information is valuable for
informing the government and public about exist-
ing problems and motivating them to move for-
ward on reducing the adverse impacts.

3http://www.atsdr.cdc.gov/tfacts60.html
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Data and methods

Data used in this study includes publicly published
articles and journal papers. Arc Info was used for

mapping.

Results: environmental and human health effects

Most lead/zinc deposits in China are primarily
composed of sulfide minerals. Upon release into
the environment, galena, sphalerite and related
sulfides oxidize, decompose and release HT, SOi_
and metals. Mobile Pb, Zn, Cd and other metals
then move into adjacent water bodies, soils, and
plants, where they directly or indirectly threaten
human health (Wu et al. 2001; Ye et al. 2006;
Kovacs et al. 2006; Rodriguez et al. 2009).

Water pollution

Water bodies close to lead/zinc mining indus-
tries have a high risk of pollution from waste-
water associated with mining (ore-dressing) and
smelting. Research (Table 1) indicates that con-
centrations of heavy metals in polluted water
bodies mostly exceed water quality criteria V
according to national standards (GB 3838-2002
China; Table 2). The major pollutants are Pb,
Zn, and Cd. Most pollutants are stored in or
absorbed into sediments, which may act as a
secondary source of environmental pollution. As
shown in Fig. 1, water pollution is most severe
in central Guangxi province, the junction of Yun-
nan, Guizhou and Sichuan provinces, central Hu-
nan province, northern Guangdong province and
northern of Liaoning province.

Table 1 Water pollution associated with lead-zinc mining and smelting activities in China

Time Place Pollution Media type Pollutants Reference
source

2001 Hezhang, Mining and River water Pb, Zn, Wu et al. 2001
Guizhou smelting and sediment Cd and Cu

2002; 2003 Liupanshui, Mining River water Pb and Zn Zhang et al. 2004,
Guizhou and sediment Zhang 2005

2003 Hezhang, Smelting River water Pb and Zn Zhang et al. 2004
Guizhou

2005 Hezhang, Smelting Lake sediment Pb, Zn and Cd Bi et al. 2006
Guizhou

2005 Fenghuang, Mining River water Pb and Hg Liet al. 2007a
Hunan

2005 Tieling, Mining River water Cd, Pb, Ma et al. 2007
Liaoning and sediment Zn and Ca

2005 Dexing, Mining River water Pb, Zn and Zeng et al. 2007
Jianxi SO?

2007 Huludao, Smelting River sediment Pb, Cd Zheng et al. 2007a
Liaoning and Zn

2007 Lechang, Mining River water Pb, Cd, Yang et al. 2007a
Guangdong and sediment Cu and Zn

2007 Lanping, Mining Grounder river Pb and Cd Li et al. 2007b;
Yunnan and water Wang et al. 2009a

2008 Duyun, Mining River water Pb, Cd, etc. Pan et al. 2008
Guizhou and sediment

2009 Hunan Mining and Xiangjiang river Heavy metals China Economic

smelting form mining and Weekly 2009, 16
smelting

2009 Shaoguan, Mining River water Pb, Cd, Southern Metropolis

Guangdong Zn, etc. Daily 2009-7-22
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Table 2 Environmental quality standards for surface wa-
ter in China of GB 3838-2002

Item/ Quality standard for each criteria® /unit mg/L

elements I 11 111 v A\
Pb 0.01 0.01 0.05 0.05 0.1
Zn 0.05 1.0 1.0 2.0 2.0
Cd 0.001 0.005 0.005 0.005 0.01
Cu 0.01 1.0 1.0 1.0 1.0
Hg 0.00005 0.00005 0.0001 0.001 0.001

2] mainly applicable to national nature reserves and wa-
ter sources, /I mainly applicable to sources of centralized
drinking surface water—primary conservation areas, II1
mainly applicable to sources of centralized drinking surface
water—second level conservation areas, /V mainly applica-
ble to water spaces for general industry and entertainment
of indirect physical contact, V' mainly applicable to water
spaces for agriculture and general landscape

Soil pollution

Soil is easily polluted by lead/zinc mining and
smelting activities (Kachenko and Singh 2006;
Liao et al. 2008). Research (Table 3) has demon-
strated that soils and plants adjacent to mining
areas are heavily polluted with Pb, Cd and, to a
lesser extent, Zn and Cu. Concentrations of heavy
metals in polluted soils mostly exceed soil qual-

Fig. 1 Diagram of water
pollution due to lead—zinc N

mining and smelting
in China A

water pollution

X

e Kilom eters
0 500 1,000
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ity criteria III according national standards (GB
19618-1995 China; Table 4), and those polluted
lands are no longer appropriate for agricultural
production. Compared to natural soils, polluted
soils have fewer nutrients and reduced microbial
diversity, which inhibits plant growth. Limestone-
derived soils in southwestern areas of China such
as Guizhou and Guangxi are alkaline, rich in cal-
cium and basic (high pH) and therefore limit the
mobility of heavy metals to some degree. Never-
theless, these soils are toxic due to their high con-
centrations of heavy metals. Soil pollution due to
lead/zinc exploitation is more widely distributed
and more severely impacted than water pollution
(Fig. 2).

Crop pollution

Crops growing near lead/zinc mineral industries
appear to accumulate Cd, Pb, and Zn. These crops
are exposed to pollutants through air deposition,
wastewater irrigation, and soil pollution. Rice
in lead/zinc mining areas accumulates significant
levels of Cd, and vegetables accumulate Cd and
Pb. Pollution accumulates most in leaf vegetables,
followed by bulb vegetables and root vegetables.
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Table 3 Soil pollution due to lead—zinc mining and smelting activities in China

Time Place Pollution source Media type Pollutants Reference

2001 Yongzhou, Ore-dressing Soils Cd, Pb, Cu Peng et al. 2007
Hunan and Zn

2002 Fengcheng, Mining Peripheral soils Cd, Pb, Zn Gu et al. 2005
Liaoning and Cu

2003 Shuicheng and Mining and Peripheral soils Pb, Zn and Cd Yang et al. 2003
Hezhang, Guizhou smelting

2004 Duyun, Guizhou Mining Soils Cd and Zn Ye et al. 2004

2005 Shaoxing, Ore-dressing Peripheral soils Pb, Cd, Zn Li et al. 2005
Zhejaing and Cu

2006 Shuicheng, Smelting Soils Cd Chen 2006
Guizhou

2006 Quzhou, Mining Peripheral soils Pb, Zn, Cd Zhang et al. 2006
Zhejiang and Cu

2006— Hanyuan, Mining Soils Cd, Zn and Pb Hou 2006; Feng 2006

2007 Sichuan

2007 Huludao, Smelting Soils around Cd, Pb, Zn Zheng et al. 2007b
Liaoning plant and Cu

2007 Duyun, Guizhou Ore-dressing Soils Pb Mao and Yu 2007

2007 Linxiang, Hunan Ore-dressing Soils to tailings Pb and Cd Guo et al. 2007

2007 Zhuzhou, Smelting Soils Cd, Pb, Zn, Hg Wu 2007; Dong 2007
Hunan and Cu

2008 Siding, Mining and Soils Pb and Zn Yin et al. 2008
Guangxi smelting

2008 Fengxian, Smelting Soils around Zn, Pb, Cd Wang and Zhu 2008
Shanxi plant and Cu

2008 Chenzhou, Hunan Mining Soils Cd, Pb, Zn and Cu Tao 2008

2008 Fujian Mining and Soils near mining Cd, Pb, Zn Wang et al. 2010

smelting area and Mn

2009 Guangxi Mining Paddy soils Cd, Pb, Zn and Cu Deng et al. 2009

2009 Nanjing, Mining Soils of mining Pb and Cd Zhu 2009
Jiangsu area

2009 Hanyuan, Sichuan Mining Soils Pb and Cd Wang et al. 2009b

2009 Changning, Hunan Mining Farm soils Cd, Pb, Zn and As Wei et al. 2009

2009 Weining, Mining and Peripheral soils Cd, Pb and Zn Wu et al. 2009
Guizhou smelting

2009 Huize, Yunnan Smelting Soils close to plant Cd, Pb and Zn Fang and Cao 2009

Table 4 Environmental quality standards for soil in China of GB 19618-1995

Quality standard for each criteri ?/unit mg/kg
I II 111
pH < 6.5 pH < 6.5 6.5~7.5 pH>75

Pb < 35 250 300 350 500

Zn < 100 200 250 300 500

Cd < 0.20 0.30 0.30 0.60 1.0

Cu< 35 50 100 100 400

Hg < 0.15 0.30 0.50 1.0 1.5

2] mainly applicable to national nature background of soil quality limit value, /I mainly applicable to protect agricultural
production and maintain the human health of the soil quality limit value, /] mainly applicable to the soil quality limit value

for the plant normal growth of agro-forestry production
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Fig. 2 Diagram of soil
pollution due to lead—zinc
mining and smelting

in China

Furthermore, crops in heavily polluted sites con-
tain about 50-fold higher heavy metal con-
tents than control sites and significantly exceed

msmw——— Kilometers
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soil pollution

300 1,000

Table 5 Crop pollution by lead-zinc mining and smelting in China

maximum levels according to national standards
(GB 2762-2005 China; Tables 5 and 6). Heavy
metal intake from vegetables or rice exceeds

Time Place Pollution Media type Pollutants Reference
source
2002 Hezhang, Guizhou Smelting Corn Pb and Cd Bi et al. 2006
2005 Chenzhou, Hunan Ore-dressing Rice, cereal and Cd Liu et al. 2005a, b
bean
2005 Fenghuang, Hunan Mining Rice Pb and As Jiet al. 2008
2006 Shaoxing, Zhejiang Mining Vegetable Cd, Pb and Zn Li et al. 2006
2006 Lanping, Guangxi Mining and Corn, vegetable Pb and Cd Wang et al. 2007
smelting and peanut
2006~ Lechang, Guangdong Mining Rice and vegetable Cd and Pb Yang et al. 2006;
2007 Yang et al. 2007b
2007 Huludao, Liaoning Smelting Vegetable Pb and Cd Zheng et al. 2007¢
2007 Shaoguan, Guangdong Mining Rice and vegetable Cd, Pb and Zn Zhuang et al. 2009
2007 Lechang, Guangdong Mining Asparagus and bean Pb and Cd Zhu and Yang 2007
2007 northwest of Guizhou Smelting Corn and vegetable Pb and Cd Li et al. 2009
2008 Zhuzhou, Hunan Smelting Vegetable Cd, Pb and Zn Xu et al. 2008
2008 Tieling, Liaoning Mining Corn and rice Pb and Cd Wau et al. 2008
2008 Guangxi Mining Rice and vegetable Pb Liu et al. 2009
2008 Fenghuang, Hunan Mining Rice, corn and Pb Li et al. 2008
soybean
2009 Nanjing, Jiangsu Mining and Vegetable Pb and Cd Hu and Ding 2009;
smelting Hu and Cao 2009;
Wang and Luo 2009
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Table 6 Environmental quality standards for crop in
China of GB 2762-2005/unit: mg/kg

Elements Pb Cd As Hg
Maximum level 0.2 0.2 0.15 0.02

WHO standard criteria in some polluted areas.
Potential solutions to these problems include
adding apatite, slaked lime, and organic fertil-
izer to the polluted soils in order to reduce the
mobility of heavy metals or choosing food crops
that accumulate heavy metals at lower rates. Pol-
luted crops are typically found in areas with pol-
luted water and soil (Fig. 3), including the junc-
tion of Yunnan, Guizhou and Sichuan provinces,
northern Guangxi province, west-central Hunan
province, north of Liaoning province and north-
central Zhejiang province.

Human health effects

Heavy metals are natural constituents of the
earth’s crust. Because they cannot be degraded
by micro-organisms or destroyed, they are instead

Fig. 3 Diagram of crop
pollution due to lead—zinc

mining and smelting N
in China ‘\:\

crop pollution

*
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enriched in, and bio-accumulated by, living organ-
isms. In polluted areas, heavy metals can enter the
body through air, food, and water and can cause
long-term health effects. Lead/zinc mining and
smelting in China have released large quantities
of Pb, Zn, Cd, and other metals into the environ-
ment. As shown in Table 7, many reports have
documented the direct and indirect health effects
of multiple heavy meal pollutants. Lead and Cd
are the prominent human health hazards associ-
ated with lead/zinc mining, with typical exposure
leading to high blood lead levels in children as well
as malacosteon, kidney damage, and relatively
complex cancers. Locations of where the intense
health effects occurring are clearly separate from
those of water, soil, and crop pollution (Fig. 4).
In addition to areas with rich lead/zinc resources
and highly developed smelting operations such as
Yunnan, Guizhou, Guangxi, Hunan, and Guangxi,
health effects frequently occurred in Henan and
Shaaxi, which have concentrations of lead/zinc
smelting industries but less lead/zinc mining. For
example, Jiyuan city in Henan province, which is
considered a leading city of China, has three large-
scale lead/zinc smelting corporations and many
other small- and medium-sized plants.
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Table 7 Health hazard effects due to the lead—zinc mining and smelting activities in China

Time Place

Route of
exposure

Pollutants

Symptoms Reference

2006 Guizhou

2006 Zhuzhou,
Hunan

2006 Huixian,
Gansu

2007 Hezhang,
Guizhou

2008 Hechi,
Guangxi

2009 Qujiangxian,
Shaoguan,
Guangdong

2009 Fengxian,
Shaaxi

2009 Jiyuan,
Henan

Water and food

Water, soil
and crop

Soil, water, air
and crop

Soil water
and crop

Groundwater

Water, soil

and crop

Water, soil, air
and crop

Water, soil
and air

Cd

Cd

Pb

Cd

Pb, Cd,
etc.

Pb

Pb

Inhabitants suffered Ye et al. 2006
high Cd loads due to
high Cd levels in food;
some people suffered
from malacosteon, bandy
leg and hip valgus
One death was attributed Caijing magzine,
to Cd toxicity; unsafe 2007, 24
Cd levels in urine were
found in over 1000
villagers, and severe
levels were found in
about 200 villagers.
More than 90% of www.hsw.cn.
the 300 studied children 2006-09-05
had unsafe blood lead
levels; the maximum
concentration was 619 pg/L;
about 2000 villagers were
poisoned by Pb
Cd levels in urine reached Li et al. 2007¢c
28.16 pg/g, which was
8-fold higher than
normal levels
136 villagers had unsafe www.chinanews.com
levels of As in urine 2008-10-08
About ten villagers die Southern Metropolis
annually from various Daily
cancers related to
mining exploitation
Lead levels in blood 2009-7-22
exceeded WHO standards
in 615 to as many as 715
children; 163 children
had middle-degree lead
poisoning and 3 suffered
severe-degree poisoning
Children (younger than 14) in Economic Information
Kejing, Chengliu and ten Daily 2009-08-14
other villages had blood Southern Metropolis
lead levels above 250 pg/L; Weekly, 2009-11-30
1,008 children (32.4%)
required emergency
treatment

Discussion

China has a long history of lead/zinc mining and
smelting. As far back as the Ming Dynasty, the

@ Springer

book Shuyuan Miscellanies by Lurong described
details of silver—lead sulfide smelting technology.
Because China’s lead/zinc mineral resources are
widely distributed and highly concentrated, they
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Fig. 4 Diagram of health
hazard effects due to the

lead-zinc mining and N
smelting activities
in China

human health event
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are favorable for industrial use. China’s lead/zinc
smelting industry has developed fast based on the
rich resources and lower labor costs, and is mainly
located in the areas of rich lead/zinc mineral re-
sources (Table 8). China, as the world’s largest
producer and consumer of lead and zinc, has both
created a serious resource shortage and released a
large amount of heavy metals such as Pb, Zn, and
Cd into the environment. The low efficiency of the
lead/zinc mining industry has severely impacted
the environment and has generated serious risks
to human health. Clearly, environmental pollu-
tion and related health effects are concentrated in
south-central and southwest China and the coastal
areas of Liaoning, north of Henan, Zhejiang and
Fujian. All of these areas have high population
densities and developed economies and are lo-
cated east of the Heihe-Tengchong line. There-
fore, environmental protection departments and
organizations should pay special attention to these
areas.

Lower pollution levels exist in northwest and
Inner Mongolia. Although these regions also have
abundant lead/zinc resources and developed min-
ing industries, their low population densities, dry
climate, scarce rainfall, and alkaline soil help

Table 8 The distribution characteristics of the top 100
lead/zinc smelting industries and basic reserves in province
or municipality of China

Province Occupied numbers Ratio of lead + zinc
in the top 100 basic reserves in
lead/zinc smelting  China®(%)
industries of China

Yunnan 16 31.01

Hunan 16 6.15

Henan 13 1.23

Guangxi 8 3.60

Anhui 7 0.38

Sichuan 5 522

Shaanxi 5 1.51

Guizhou 5 0.37

Guangdong 3 6.18

Liaoning 3 1.02

Inner Mongolia 3 17.00

Jiangsu 3 0.95

Shanghai 3 0.00

Gansu 2 10.18

Shandong 2 0.17

Zhejiang 1 2.04

Hebei 1 3.01

Shanxi 1 0.05

Hubei 1 0.04

Ningxia 1 0.00

Tianjin 1 0.00

4Date from China statistical yearbook, 2008
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to inhibit the activation and migration of heavy
metals. However, the seriousness of the prob-
lem may be underestimated due to limited eco-
nomic development, cultural factors, and minimal
awareness of environmental protection. In partic-
ular, distant, inaccessible small mines and smelters
may be associated with serious, undocumented
pollution. Significant additional work is needed
to establish appropriate preventive measures for
the risks associated with heavy metals. Because
lead/zinc mining industries expanded rapidly and
intensively beginning in the late 1990s, the data
sources used in this study are relevant for the
actual timeframe of lead/zinc mining. Therefore,
the environmental pollution and human health
effects described in this paper reliably represent
the actual situation due to the exploitation of
lead/zinc resource in China, and provide reliable
data to guide environment management and the
protection of human health in areas currently
or potentially polluted by lead/zinc exploiting
activities.

Conclusion

Over the past 10 years (2000-2009), environ-
mental and health effects related to the Chinese
lead/zinc mining industry have been concentrated
in areas with rich resources of lead and zinc
and intensive smelting operations: the junction
of Yunnan, Guizhou, and Sichuan provinces,
west-central Hunan province, central Guangxi
province, northern Guangdong, northwestern
Henan province, the border between Shanxi and
Gansu provinces, and the region of Liaoning
province near Bohai. Most of the reviewed cases
of water, soil, and crop pollution and human
health risk were caused by Pb and Cd. Typi-
cal exposure symptoms for these metals are high
lead levels in the blood of children, malacos-
teon, kidney damage, and relatively complex can-
cers. These effects are not only detrimental to
human health but also lead to social problems
such as conflicts and disputes between residents
and mining companies. Lead/zinc mining-related
issues in these fragile areas deserve additional
attention.

@ Springer

Acknowledgements The authors would like to thank
the anonymous reviewers. Financial support was provided
by the Ministry of Science and Technology of China
(No. 2007BAC03A11-07), Chinese Academy of Science
(No. KZCX3-SW-437) and the Natural Science Founda-
tion of China (No. 40571008; 41040014). The authors would
like to thank Dr. Jennifer Holdaway from SSRC for proof
reading the revised manuscript.

References

Bai, X. L., & Yan, C. S. (2008). Effect of lead and cadmium
pollution on occupationally exposed population health
in lead and zinc mining area. Journal of Environment
and Health, 25, 760-762.

Besser, J. M., Brumbaugh, W. G., May, T. W., & Schmitt,
C.J. (2007). Biomonitoring of lead, zinc, and cadmium
in streams draining lead-mine and non-mining areas,
southeast Missouri, USA. Environmental Monitoring
and Assessment, 129,227-241.

Bi, X. Y., Feng, X. B., Yang, Y. G., & Li, G. H.
(2006). Environmental contamination of heavy metals
from zinc smelting areas in Hezhang Country, west-
ern Guizhou, China. Environmental International, 32,
883-890.

Bian, G. G. (2008). Lead level in blood for Chinese coun-
tryside children. Environmental Science and Technol-
ogy, 31(6), 101-106.

Cao, Y. S. (2006). Current situation and prospects for
lead/zinc mine development of China. China Metal
Bulletin, 41, 2-6.

Chen, A. N. (2006). The study of cadmium pollution in
local zinc smelting with indigenous method. Guiyang:
Guizhou University PhD/MS Thesis.

Chiaradia, M., Gulson, B. L., & MacDonald, K. (1997).
Contamination of houses by workers occupation-
ally exposed in a lead-zinc—copper mine and im-
pact on blood lead concentrations in the families.
Occupational and Environmental Medicine, 54, 117-
124.

Chillrud, S. N., Bopp, R. F., Simpson, H. J., Ross, J. M.,
Shuster, E. L., Chaky, D. A., et al. (1999). Twen-
tieth century atmospheric metal fluxes into Central
Park Lake, New York City. Environmental Science
and Technology, 33(5), 657-662.

Chopin, E. 1. B., & Alloway, B. J. (2007). Distribution
and mobility of trace elements in soils and vegeta-
tion around the mining and smelting areas of Tharsis,
Riotinto and Huelva, Iberian Pyrite Belt, SW Spain.
Water, Air and Soil Pollution, 182, 245-261.

Davis, B. E. (1987). Concentrations of environmental con-
tamination by lead mining in Wales. Hydrobiologia,
149,213-220.

Deng, B. C, Li, L. H.,, Wang, S. F., Li, N., Zhang,
C. L, & Li, Z. Y. (2009). Pollution characteristics
of heavy metal in paddy soil near a typical Pb-Zn
mining area. Journal of Agro-environment Science, 28,
2997-2301.



Environ Monit Assess (2012) 184:2261-2273

2271

Dong, X. Y. (2007). Geological features of Huangshaping
Pb-Zn deposit in Hunan province and ef fect of heavy
metals in the smelting processes. Beijing: China Uni-
versity of geosciences PhD/MS Thesis.

Fang, H., & Cao, M. (2009). Assessment of heavy met-
als pollution in abandoned lead-zinc mine tailings
in Huize of Yunnan province. Chinese Journal of
Ecology, 28(7), 1277-1283.

Feng, W. J. (2006). The study of heavy metals forms
and bioavailability around Tangjia zinc-lead mine in
Hanyuan. Chengdu: Chengdu University of technol-
ogy PhD/MS Thesis.

Grattan, J., Huxley, S., Karaki, L. A, Toland, H.,
Gilbertson, D., Pyatt, B., et al. (2002). ‘Death... more
desirable than life’? The human skeletal record and
toxicological implications of ancient copper mining
and smelting in Wadi Faynan, southwestern Jordan.
Toxicology and Industrial Health, 18,297-307.

Gu, J. G, Lin, Q. Q., Hu, R., Zhu-Ge, Y. P., & Zhou,
Q. X. (2005). Translocation behavior of heavy metals
in soil-plant system—A case study from Qingchengzi
lead—zinc mine in Liaoning province. Journal of Agro-
environment Science, 24, 634-637.

Guo, J. P, Wu, F. C,, Xie, S. R., & Xie, Y. H. (2007). En-
vironmental conditions and exploitation of lead-zinc
tailings in Linxiang county, Hunan province. Chinese
Journal of Soil Science, 38, 553-557.

Holmgren, G. G. S., Meyer, M. W., Chaney, R. L., &
Daniels, R. B. (1993). Cadmium, lead, zinc, copper,
and nickel in agricultural soils of the United States of
America. Journal of Environmental Quality, 22, 335—
348.

Horvath, B., & Gruiz, K. (1996). Impact of metallif-
erous ore mining activity on the environment in
Gyongyosorozi, Hungary. Science of the Total Envi-
ronment, 184, 215-2217.

Hou, J. Y. (2006). Environment geochemistry research
and environment assessment of heavy metal in
paddy soil around Tangjia zinc-lead mine, Hanyuan
Sichuan. Chengdu: Chengdu University of Technology
PhD/MS Thesis.

Hu, X., & Cao, M. (2009). Contamination with heavy met-
als and Pb isotope ratios of vegetables and soils. Envi-
ronmental Pollution and Control, 31, 102-104.

Hu, X., & Ding, Z. H. (2009). Lead/cadmium contamina-
tion and lead isotopic ratios in vegetables grown in
peri-urban and mining/smelting contaminated sites in
Nanjing, China. Bulletin of Environmental Contamina-
tion and Toxicology, 82, 80-84.

Hu, D. Y., & Niu, J. Y. (2006). Enhancing the compre-
hensive utilization level of the lead and zinc mineral
resources in all kinds. China Mining Magazine, 15,
8-11.

Ji, Y.F,Li, Y. H, Sun, H. F., Yang, L. S., & Wang, W. Y.
(2008). Translocation and accumulation of heavy met-
als in soil-paddy system at Fenghuang lead-zinc
deposit area. Journal of Agro-environmental Science,
27(6), 2143-2150.

Jones, R. L., Homa, D. M., Meyer, P. A., Brody, D. J.,
Caldwell, K. L., Pirkle, J. L., et al. (2009). Trends in
blood lead levels and blood lead testing among U.S.

children aged 1 to 5 years, 1988-2004. Pediatrics, 123,
376-385.

Kachenko, A. G., & Singh, B. (2006). Heavy metals con-
tamination in vegetables grown in urban and metal
smelter contaminated sites in Australia. Water, Air,
and Soil Pollution, 169, 101-123.

Kim, S., Kwon, H. J., Cheong, H. K., Choi, K., Jang,
J. Y., Jeong, W. C., et al. (2008). Investigation on
health effects of an abandoned metal mine. Journal of
Korean Medical Science, 23, 452-458.

Kovacs, E., Dubbin, W. E., & Tamas, J. (2006). Influence of
hydrology on heavy metal speciation and mobility in
a Pb-Zn mine tailings. Environmental Pollution, 141,
310-320.

Leita, L., Enne, G., Nobili, M. D., Baldini, M., &
Sequi, P. (1991). Heavy metal bioaccumulation in
lamb and sheep bred in smelting and mining areas of
S.W. Sardinia (Italy). Environmental Contamination
and Toxicology, 446, 887-893.

Li, J., Xie, Z. M., Zhu, Y. G., & Naidu, R. (2005). Risk
assessment of heavy metal contaminated soil in the
vicinity of a lead/zinc mine. Journal of Environmental
Science, 17, 881-885.

Li, J., Xie, Z. M., Xu, J. M., & Sun, Y. F. (2006). Risk
assessment for safety of soils and vegetables around
a lead/zinc mine. Environmental Geochemistry and
Health, 28, 37-44.

Li, Y. H,Ji, Y. F, Yang, L. S., & Li, S. J. (2007a). Effects
of mining activity on heavy metals in surface water in
lead-zinc deposit area. Journal of Agro-environment
Science, 26, 103-107.

Li, H., Xiao, T. F.,, Shuang, Y., He, L. B., Ning, Z. P., Sun,
J. L., et al. (2007b). Hydrogeochemistry of cadmium
in Jinding Pb-Zn mining district in Yunnan, China.
Geochimica, 36, 612-620.

Li, M., Sun, J. L., & Zai, L. Y. (2007c). A survey of cad-
mium pollution in Hezhang country and its effects on
human health. Journal of Guiyang Medical College,
32(5), 464-467.

Li,H. Y., Gu,S. Y., Wu, Z. Q., & Wang, Z. (2009). The pol-
luted situation of heavy metals in Pb—Zn mining area
of Northwest of Guizhou Province and the evaluation
of environmental impaction. Environmental Monitor-
ing in China, 25, 55-60.

Li, Y. H, Yang, L. S, Ji, Y. F., Sun, H. F.,, Li, H. R,
& Wang, W. Y. (2008). Lead uptake by plant in
soil-plant system at lead-zinc deposits area of west-
ern Hunan province. Environmental Science, 29(1),
196-121.

Liao, G. L., Liao, D. X., & Li, Q. M. (2008). Heavy metals
contamination characteristics in soil of different min-
ing activity zones. Transactions of Nonferrous Metals
Society of China, 18,207-211.

Liu, H. Y., Probst, A., & Liao, B. H. (2005a). Mental conta-
mination of soils and crops affected by the Chenzhou
lead/zinc mine spill (Hunan, Chian). Science of the
Total Environment, 339, 153-166.

Liu, Y. S, Gao, Y., Wang, K. W, Mai, X. H., Chen, G. D.,
& Xu, T. W. (2005b). Etiologic study on alimentary
tract malignant tumor in villagers of high occurrence.
China Tropical Medicine, 5, 1139-1141.

@ Springer



2272

Environ Monit Assess (2012) 184:2261-2273

Liu, Z. H., Tang, Z. Z., Huang, J. P., Huang, Z. Y., Huang,
H., Li, Y. S. et al. (2009). Survey on environmental
lead pollution in rural areas around lead/zinc mining
area in Guangxi, 2008. Journal of Environment and
Health, 26(8), 708-710.

Ma, L., Yang, X. B., Bian, W. Y., Xie, Z., & Tong, C. Z.
(2007). The influence of mine exploitation on ecolog-
ical environment of Chaihe drainage area of Liaoning
province. Rock and Mineral Analysis, 26(4), 293-297.

Mao, H. L., & Yu, R. L. (2007). Distribution of copper and
lead in soil around lead/zinc tailing. Journal of Anhui
Agricultural Sciences, 35(25), 7884-7885.

Moore, J. N., & Luoma, S. N. (1990). Hazardous wastes
from large-scale metal extraction, a case study. Envi-
ronmental Science and Technology, 24, 1278-1285.

Nriagu, J. O., & Pacyna, J. M. (1988). Quantitative assess-
ment of worldwide contamination of air, water and
soils by trace metals. Nature, 333, 134-139.

Pan, Z. P., Ye, L., Zhong, H., Liu, T. G., Li, C. Y., &
Cheng, Z. T. (2008). The pollution characteristics of
water during mining in cadmium-rich Pb-Zn ore area
as exemplified by the Niujiaotang Cd-rich zinc deposit,
Duyun, Guizhou province. Acta Mineralogical Sinica,
28, 401-406.

Peng, H. B., Liu, Y. G., & Li, A. Y. (2007). Forms of heavy
metals in lead zinc ore tailings and its potential eco-
logical risk. Journal of Hunan Agricultural University
(Natural Sciences), 33, 345-347.

Pereira, R., Ribeiro, R., & Goncalves, F. (2004). Scalp hair
analysis as a tool in assessing human exposure to heavy
metals (S. Domingos mine, Portugal). Science of the
Total Environment, 327, 81-92.

Pirkle, J. L., Brody, D. J., Gunter, E. W., Kramer, R. A.,
Paschal, D. C., Flegal, K. M. et al. (1994). The
decline in blood lead levels in the United States. The
National Health and Nutrition Examination Surveys
(NHANES). The Journal of the American Medical
Association, 272, 277-283.

Pirkle, J. L., Kaufmann, R. B., Brody, D. J., Hickman, T.,
Gunter, E. W., & Paschal, D. C. (1998). Exposure of
the U.S. population to lead, 1991-1994. Environmental
Health Perspectives, 106, 745-750.

Pusapukdepob, J., Sawangwong, P., Pulket, C., Satraphat,
D., Saowakontha, S., & Panutrakul, S. (2009). Health
risk assessment of villagers who live near a lead min-
ing area: A case study of Klity village, Kanchanaburi
Province, Thailand. The Southeast Asian Journal of
Tropical Medicine and Public Health, 38(1), 168-177.

Rodriguez, L., Ruiz, E., Alonso-Azcarate, J., & Rincon,
J. (2009). Heavy metal distribution and chemical spe-
ciation in tailings and soils around a Pb-Zn mine
in Spine. Journal of Environmental Management, 90,
1106-1116.

Rybicka, E. H. (1996). Impact of mining and metallurgi-
cal industries on the environment in Poland. Applied
Geochemistry, 11,3-9.

Storch, H. V., & Hagner, C. (2004). Controlling lead con-
centrations in human blood by regulating the use of
lead in gasoline. A Journal of the Human Environ-
ment, 33(3), 126-132.

@ Springer

Tao, X. X. (2008). Investigation on the accumulation of
heavy metal in plants from two typical mining ore area.
Changsha: Hunan Agricultural University PhD/MS
Thesis.

Tong, S., Schirnding, Y. E., & Prapamontol, T. (2000).
Environmental lead exposure: A public health prob-
lem of global dimensions. Bulletin of the World Health
Organization, 78, 1068-1077.

Wang, X. F., & Luo, L. Q. (2009). Uptake of heavy metal in
vegetables grown in Pb—Zn-Ag mine, Nanjing. Ecol-
ogy and Environment, 18, 143-148.

Wang, L. J., & Zhu, E. P. (2008). The study of heavy metals
distribution character in soil about lead—zinc smelt mill
in Qinling. Journal of Baoji University of Arts and
Sciences (natural science edition), 28(2), 150-152.

Wang, X. L., Chang, Q. S., Hou, X. L., Lei, M., & Ma, X. Q.
(2010). Heavy metal enrichment of plants at lead—
zinc mines in south China. Ecology and Environmental
Sciences, 19, 108-112.

Wang, Y. H., Ghen, X.J.,, Zhao, Y. L., & Qi, S. H. (2007).
Heavy metal pollution in soils and plant accumulation
in a restored lead—zinc mineland in Guangxi, South
China. Journal of China University of Mining and
Technology, 36, 487-493.

Wang, J., Lu, D., Chen, S. Y., Zheng, Z. A., & Liu,
L. Q. (1994). Effects of environmental pollution on
human health in lead/zinc mine of Fenghuang, Hu-
nan Province. Chinese Journal of Public Health, 10(3),
121-122.

Wang, L. H., Jiao, Y. Y., Ming, Q. Z., He, L. L., & Zhou,
H. B. (2009a). Evaluation of heavy metal pollution in
Bijiang basin in Yunnan Province. Research of Envi-
ronmental Sciences, 22, 595-600.

Wang, J. K., Zhang, X. P., & Zhou, W. (2009b). Investiga-
tion on soil microflora and microbial activities from a
lead-zinc mining area. The Administration and Tech-
nique of Environmental Monitoring, 21(4), 23-217.

Wei, C. Y., Wang, C., & Yang, L. S. (2009). Characteriz-
ing spatial distribution and sources of heavy metals in
the soils from ming-smelting in Shuikoushan, Hunan
Province, China. Journal of Environmental Sciences,
21,1230-1236.

Wu, C. H. (2007). Study on the complex pollution of soil
by heavy metals near the representative lead—zinc smelt
mills. Xiangtan: Hunan University of Science and
Technology PhD/MS Thesis.

Wu, Q. R. (2008a). Characteristic and comprehensive uti-
lization of lead/zinc mineral resources in China. China
Metal Bulletin, 9, 32-33.

Wu, Q. R. (2008b). New process to lead/zinc mineral re-
sources prospecting in China. China Metal Bulletin, 25,
28-32.

Wu, A. J., Chen, Y. Y., Ling, S., & Wu, H. H. (2008).
Geochemical characteristics of heavy metal elements
in paddy and corn from. Geology and Resources, 17,
302-306.

Wu, P., Liu, C. Q., Yang, Y. G., & Zhang, G. P. (2001). Re-
lease and transport of (heavy) metals and their envi-
ronmental effect in mining activities. Acta Minerlogica
Sinica, 21,213-218.



Environ Monit Assess (2012) 184:2261-2273

2273

Wu, Z.Q., Gu, S. Y., Li, H. Y., & Wu, H. (2009). Research
on the heavy metal contamination and bioavailability
of contaminated soils in Pb—Zn mining areas of north-
western Guizhou province. Safety and Environmental
Engineering, 16, 1-5.

Xi, S. (2009). Current situation of exploitation and utiliza-
tion of lead/zinc mineral resources in the world. China
Metal Bulletin, 37, 32-33.

Xu, Z.J., Shi, H. W., & Yue, X. Y. (2008). Uptake and bio-
concentration of heavy metals by vegetables around a
lead—zinc smelter. Journal of Hunan University of Sci-
ence and Technology (Natural Science Edition), 23(4),
107-110.

Xue, Y. Z., & Wang, H. J. (2005). Current comprehen-
sive utilization of lead/zinc mineral resources in China.
China Mining Magazine, 14,41-42.

Yang, Q. W,, Lan, C. Y., Wang, H. B., Zhuang, P., & Shu,
W. S. (2006). Cadmium in soil-rice system and health
risk associated with the use of untreated mining waste-
water for irrigation in Lechang, China. Agricultural
Water Management, 84, 147-152.

Yang, Y. G., Liu, C. Q., Zhang, G. P., Wu, P., & Zhu, W. H.
(2003). Heavy metal accumulations in environmental
media induced by lead and zinc mine development
in northwestern Guizhou province, China. Bulletin of
Mineralogy, Petrology and Geochemistry, 22, 305-3009.

Yang, Q. W., Shu, W. S., & Li, H. (2007a). Assessment on
the sediments heavy metals in Wujiang river and its
tributaries affected by wastewater of mines. Guang-
dong Water Resources and Hydropower, 6,28-30.

Yang, Q. W., Shu, W. S., & Lab, C. Y. (2007b). Heavy
metal concentration and plant ability assessment of
edible vegetables in Lechang lead-zinc mine area.
Metal Mine, 12,126-127.

Ye, L., Li, C. Y., Liu, T. G, Li, X. B., & Pi, D. H. (2004).
The environmental impact of cadmium-rich Pb-Zn
deposit for the example of Niujiaotang Cd rich zinc
deposit, Duyun, Guizhou, China. Advances in Earth
Sciences, 19s, 456-460.

Ye, L., Li, C. Y, Liu, T. G., & Pan, Z. P. (2006). The
status-quo of research on supergenic geochemistry of
cadmium in Pb—Zn deposits. Earth and Environment,
34, 55-60.

Yin, R. Z., Luo, Y. P, Li, J. C, Luo, W. L., & Zhu,
Y. N. (2008). Evaluation of the potential ecological
risk of heavy metal pollution in soil and bioaccu-
mulation characteristics of dominant plants in Siding
Pb-Zn mine. Journal of Agro-environment Science, 27,
2158-2165.

Zeng, F. P., Xiao, H. Y., & Zhou, W. B. (2007). Spatial
and temporal variations and their source analysis of
copper, lead and zinc in river waters and sediments of
the Le’an river. Research of Environmental Sciences,
20, 14-20.

Zhang, G. P. (2005). Case studies of the water environ-
mental geochemistry of mines in Guizhou province.
Guiyang: Institute of geochemistry, Chinese Academy
of Sciences PhD/MS Thesis.

Zhang, G.P.,Liu, C. Q., Yang, Y. G., & Wu, P. (2004). Dis-
tribution of heavy metals in downstream river waters
in the surroundings of several typical metal mines in
Guizhou province. Earth and Environment, 32, 82-85.

Zhang, L., Ye,Z. Q,Li, T. Q., & Yang, X. E. (2006). Stud-
ies on soil microbial activity in areas contaminated by
tailings from Pb, Zn mine. Journal of Soil and Water
Conservation, 20, 136-140.

Zheng, N., Wang, W. C,, Liang, Z. Z., & Zheng, D. M.
(2007a). Characterization of heavy metal concentra-
tions in the sediments of three freshwater rivers in
Huludao City, Northeast China. Environmental Pol-
lution, 154, 135-142.

Zheng, N., Wang, W. C., & Zheng, D. M. (2007b). Mer-
cury contamination and health risk to crops around
the zinc smelting plant in Huludao City, northeastern
China. Environmental Geochemistry and Health, 29,
385-393.

Zheng, N., Wang, W. C., & Zheng, D. M. (2007c). Health
risk of Hg, Pb, Cd, Zn, and Cu to the inhabitants
around Huludao Zinc Plant in china via consumption
of vegetables. Science of the Total Environment, 383,
81-89.

Zhong, K., & Zhang, J. L. (2008). Sources and influencing
factors of children blood lead in China. Journal of
Environment and Health, 25, 651-654.

Zhu, S. S. (2009). The pollution research on heavy met-
als in farmland soil around lead—zinc district, Nanjing
Qixiashan. Beijing: China University of Geosciences
PhD/MS Thesis.

Zhu, Y., & Yang, Z. Y. (2007). Differences in lead, zinc,
and cadmium concentrations in plant tissues of 24
asparagus bean cultivars grown on lead/zinc mining
wastewater-irrigated farm land. Acta Ecologica Sinica,
27,1376-1385.

Zhuang, P., Zou, B., Li, N. Y., & Li, Z. A. (2009).
Heavy mental contamination in soils and food crops
around Dabaoshan mine in Guangdong, China: Impli-
cation for human health. Environmental Geochemical
Health, 31,707-715.

@ Springer



	Impacts of lead/zinc mining and smelting on the environment and human health in China
	Abstract
	Introduction
	Data and methods
	Results: environmental and human health effects
	Water pollution
	Soil pollution
	Crop pollution
	Human health effects

	Discussion
	Conclusion
	References



